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Abstract
The dispersion relation of kinetic Alfvén wave in inertial regime is
studied in a three component non-degenerate streaming plasma. A lin-
ear dispersion relation using uid- Vlasov equation for quantum plasma
is also derived. The quantum correction CQ raised due to the insertion
of Bohm potential in Vlasov model causes the suppression in the Alfven
wave frequency and the growth rates of instability. A number of analytical
expressions are derived for various modes of propagation. It is also found
that many system parameters, i.e, streaming velocity, dust charge, num-
ber density and quantum correction signicantly inuence the dispersion
relation and the growth rate of instability.
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1 Introduction
Theoretical and laboratory studies on current-driven electromagnetic instabili-
ties have been a popular subject in plasma research [1, 2]. Electromagnetic and
electrostatic plasma instabilities driven by the parallel or cross eld currents
give rise to narrow banded spontaneous emissions and have received a lot of
attention so far. Its has been speculated that low frequency electromagnetic
waves, i.e., Alfvén waves are the most important electromagnetic waves which
take part in various dynamical processes happening in sun [3] [5]. Recently, ki-
netic Alfvén waves (KAWs) have been modied via quantum e¤ects associated
with electrons, for example, Hussain et. al., made an attempt to study spin
and nonrelativistic quantum e¤ects on KAWs within the frame work of kinetic
theory of Alfvén waves, [6] and their analysis suggested that the spin quantum
e¤ects suppress the Alfvén wave frequency in a hot and magnetized plasma.
Normally, for quantum e¤ects to be signicant in plasma, the tempera-
ture to density ratio is considered to be much small and the quantum ef-
fects are expected to be important on very small scales, i.e., debyelength D
1
=
 
kT=4ne2
1=2
and gyroradius j should be smaller or of the order of the
de Broglie wavelength DB = h=(2m=kT )1=2: At such small scale the quan-
tum kinetic theory would be convenient for the proper treatment of these micro
phenomenon. To study various aspects of quantum plasma, numerous e¤orts
have been made whose applications range from plasmonic to dense astrophysical
plasma [7] [16].
Recently, there is much attention to study the dispersion e¤ects of several low
frequency modes by using the Bohm potential or quantum statistical e¤ects and
their practical implications which includes the Fermi pressure [17]. Various uid
plasma models have been developed to introduce the quantum e¤ects through
quantum corrections which either involve the quantum force produced by den-
sity uctuations originating from the Bohm potential or through the spin of the
particles which includes the magnetic dipole force and magnetization energy.
At large scales, plasma is treated as an electrically conducting uid and can be
described by magnetohydrodynamics, while the situation has to be interpreted
within the frame work of kinetic theory when microscopic scales are involved.
The proper treatment of such phenomenon requires the development of kinetic
theory based on quantum e¤ects [18]. The presence of dust particles is known to
signicantly amend the electrostatic and electromagnetic modes [19] [23] due
to their presence through quasineutrality and responsible for some novel modes
associated with dust particle dynamics and with the nite divergence of the
cross-eld plasma current density. More recently, Mahdavi and Azadboni inves-
tigated the non degenerate quantum e¤ects on Weibel instability by considering
its application in the absorption layer of fuel pallet, where thermal energy was
taken larger than the Fermi energy with non negligible degeneracy and showed
that instability is dependent on quantum e¤ects [24].
In this paper, we have made an e¤ort to examine the role of quantum dif-
fraction e¤ects associated with electrons in a dense, hot and magnetized plasma
and its e¤ect on low frequency modes like dust kinetic Alfvén wave instability.
We report the existence and characteristics of short wavelength dust kinetic
Alfvén waves by emphasizing on quantum di¤raction e¤ects arising through
Bohm potential of electrons which is obviously dominant over the ions and the
dust species due to large mass di¤erence. The dispersion relation of quantum
DKAW (QDKAW) is derived by incorporating Bohm quantum potential into
the linearized Vlasov equation and the coupling of electrostatic quantum dust
acoustic mode (QDAW) with kinetic Alfvén wave (KAW) and the theoretical
aspect of KAW instability in an inertial regime is also discussed.
The manuscript is organized as follows: basic assumptions leading to the
general dispersion relation are presented in sections 2 and 3 while results and
conclusions are discussed in sections 4.
2 Basic assumptions
We consider an electromagnetic wave streaming instability in a collisionless
electron-ion quantum dusty magnetoplasma. We assume strongly magnetized
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ions to be Maxwellian and a beam of non-degenerate electrons drifting across
an external magnetic eld (B0kz^) with constant ion drift velocity V0x^, i.e.,
(V0?B0); while dust is cold and unmagnetized. The plasma beta i is assumed
to be very small, i.e., i  1; where i = 4ni0Ti =B20 : An electromagnetic
wave with a wave vector k lies in xz plane, k = k?x^ + kkz^; making angle 
with x plane, we may adopt two potential representation which is used in a
low beta plasma to express the electromagnetic perturbations to describe the
electric eld E; i.e., E? =  r?'; Ek =  rk ;where ' 6=  :
The linearized Poisson equation is
 (k2?'+ k2k ) = 4e[ne1   ni1   Zd0nd1]; (1)
where ne1; ni1; nd1 are electron, ion and dust number densities respectively,
Qd0 =  Zd0e (with Zd0 as the number of electron charge on a grain) is the
equilibrium charge on an average dust grain, and e is the electron charge. For
electromagnetic waves, we may ignore the dust charge uctuation e¤ects, i.e.,
Zd1 = 0 [25, 26].
Combining Amperes and Faradays law, we get, [27]
c2k2?kk('   ) = 4!

Ji1k + Jd1k

; (2)
where J 0s are the eld aligned current densities for plasma species. Since the
electrons are streaming perpendicular to the eld direction, therefore, Je1k = 0:
The linearized Vlasov equation for quantum plasma by incorporating Bohm
quantum potential in the direction of eld can be written as
@fe1
@t
+ vk
@fe1
@z
+

qe
me
Ez +
h2
4m2en0
rr2ne1

@fe0
@vk
= 0:
The perturbed distribution function of streaming electrons is given by the
aid of Vlasov equation and the zeroth order distribution function fe0, which is
the usual distribution function and is assumed to obey a Maxwellian or a Fermi
Dirac distribution.
fe0 = Ae exp(
v2k + (v?   V0)2
v2te
); (3)
where
Ae = ne0(
me
2Te
)
3
2 :
We again solve the Vlasov equation for hot and magnetized ions in terms
of the guiding center coordinates and get for the perturbed distribution for any
electromagnetic wave [28, 29]:
fi1 = (
ni0e
Ti
)
X
l
X
n
kkvk + n
ci'
!   n
ci   kkvk
exp (i(n  l)) Jn(k?v?

ci
)Jl(
k?v?

ci
)fi0;
(4)
where fi0 is the equilibrium Maxwellian distribution function for ions and

ci is the ion cyclotron frequency.
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3 Basic theory and dispersion relation
By the aid of Vlasov equation the perturbed number density for electron includ-
ing non-degenerate quantum e¤ects can be recasted as
ne1 =
2ene0'
mev2te

1 + Z()
1 + CQ(1 + Z())

; (5)
where CQ = h
2k3=4m2ev
2
tekk; which shows the quantum correction in the
number density of electrons and Z() is plasma dispersion function for perpen-
dicularly propagating electrons [30] with argument  = (!   k?V0)=k?vte:
The number density of hot and magnetized ions can be written as
ni1 =  ni0e
mi
1
kkv2ti
X
n

kkvti (1 + inZ(in)) + n
ci'Z(in)

In(bi)e
 bi ; (6)
where In is the modied Bessel function with argument bi = k2?v
2
ti=2

2
ci
and Z(in) is the usual dispersion function for a Maxwellian plasma with in =
(!   n
ci)=kkvti:
The perturbed number density of cold and unmagnetized dust grains is given
by using hyrodynamical model,
nd1 =
nd0Qd0
md!2

k2?'+ k
2
k 

: (7)
Since the non-degenerate electrons are streaming along x direction, there-
fore the longitudinal components of current density perturbations are taken to
be zero, i.e., Je1k = 0: The parallel components current density for ions and
dust species are
Ji1k =  ni0e
2
Tikk
X
n

(1 + inZ(in))
 
kkvtiin + n
ci'

In(bi)e
 bi;
and
Jd1k =
nd0Q
2
d0
md!
kk : (8)
Now, using the explicit expressions of ne1; ni1 and nd1 in the Eq. (1) and
Ji1k; Je1k and Jd1k in the Eq. (2), allow to obtain the following system of
equations,
A'+B = 0; (9)
C'+D = 0;
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where
A = k2? +
2!2pe
v2te

1 + Z()
1 + CQ(1 + Z())

+
n!ci
kk
Z(in)In(bi)e
 bi + k2?
!2pd
!2
;
B = k2k +
2!2pi
v2ti
(1 + ioZ(io)) Ine
 bi   k2k
!2pd
!2
;
C = c2kkk2? +
2!2pi
v2ti
n!
ci
kk
(1 + inZ(in)) Ine
 bi ; (10)
D = kk
 
k2?c
2 + !2pd
  ! 1
2Di
X
n
vti
2
inZ
0
(in)Ine
 bi :
The dispersion relation is obtained by solving the homogeneous Eq. (9), i.e.,
AD  BC = 0: (11)
Substituting the values of A;B;C; and D from Eq. (10), and after a straight-
forward algebra, we get
1 +
2!2pi
k2kv
2
ti
X
n
" 
1 +
!2pd
k2?c2
!
n
ci
kkvti
Z(in)Ine
 bi + (1 + inZ(in)) Ine
 bi
#
+
2!2pe
k2kv
2
te
" 
1  !
2
pd
k2?c2
!
1 + Z()
1 + CQ(1 + Z())
#
+
 
1 +
!2pd
k2?c2
!
k2?
k2k
 
1  !
2
pd
!2
!
= 0;
(12)
which is the general dispersion relation of KAW streaming instabilities in a
quantum dusty plasma. In the limit
!2pd
k2?c
2  1; we get the dispersion relation of
modied two stream instability in a dusty plasma [31] and in a dust less plasma
the classical dispersion relation is obtained [32].
When the free energy associated with streaming is increased then V0 >> vth;
where vth is the thermal speed of particles, the maximum growth rate also
continues to increase and the dispersion equation for all plasma components
often become nonresonant ( en;i > 1). The unstable mode in a non-resonant
regime is typically known as uid instability. In a cold plasma limit,
A =
k2?fi
!2
 
!2   !2dlh  
!2!2pe=fi
(!   k?V0)2   CQk2?v2te
!
;
B = k2?fi   k2k
!2pd
!2
;
C = c2kkk2?; (13)
D =  kk
 
k2?c
2 + !2pd

:
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where !2dlh = (!
2
pd

2
ci)=!
2
pi and fi=!
2
pi=

2
ci .
In order to investigate the behavior of instability in the presence of cross
eld streaming ions, we use of Eq. (11) and after few algebraic steps,
a!4 + b!3 + c!2 + d! + e = 0; (14)
a = + k2?c
2;
b =  2k3?V0c2   2k?V0  2k2kV 2Aik?V0
c =

 !2dlh   k2kV 2AiCQ   CQ   k2?V 20   !2pe=fi

  k2kV 2Ai!2pd   CQk2?c2   k4?c2V 20
(15)
d = 2k?V0!2dlh+ 2k
2
kV
2
Aik?V0!
2
pd
e =
 
CQ   k2?V 20

!2dlh  k2kk2?V0V 2Ai!2pd;
where  = k2?c
2 + !2pd:
In the absence of streaming electrons the solution of Eq. (14) is given by
!2 = !2dlh + 2CQ +
k2kV
2
Ai 
1 + k2?
2
d
 (16)
which is quantum corrected low frequency shear Alfvén wave in a dusty
plasma, where VAi = B0=
p
4ni0mi is the Alfvén speed and d = c=!pd, is
the dust skin depth. In the limit CQ = 0; we obtain the dispersion relation of
KAW in inertial regime i.e., !2 = !2dlh + k
2
kV
2
Ai=
 
1 + k2?
2
d

. When CQ = 0;
k2?
2
d  1; we get the dust- modied dispersion relation of shear Alfvén waves,
i.e., !2 = !2dlh + k
2
kV
2
Ai; which is a natural mode of any dusty magnetoplasma
where !2dlh provides constraint for the wave propagation. The analysis made
here also indicates that cross-eld streaming e¤ects which are not coupled with
perpendicular wavenumber, but appears as an additional term in the dispersion
relation. The reason may be the absence of Jek due to streaming in cross-
eld direction and the Bohm potential induced Vlasov model. It is therefore
tempting to introduce quantum correction which may signicantly modify the
classical modes and related instabilities.
In order to observe the e¤ect of dust grains on the wave in a low beta plasma,
the limiting case of k2?
2
d  1; can be obtained from the Eq.(16) in the form
!2 = !2dlh +
i
d(
nd0Zd0
ni0
)
k2k
k2?
: (17)
The second term on R. H. S can be recognized as the convective cell frequency
which strongly depends on dust parameters. It can be well recognized that dust
inertia may play a major role in the wave dynamics, while the stationary dust
excludes this mode. The heavy dust grains may be an important factor in
diminishing the wave frequency and unstable regions of propagation.
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4 Results
In the presented work, we have investigated the cross eld streaming insta-
bility and dispersion properties of KAW due to non-degenerate electrons in a
quantum dusty magnetoplasma. We have derived the KAW instability growth
rates using various parameters close to dense astrophysical plasma, i.e., ne0 =
1026cm 3; ni = 1:001  1026cm 3; Zd = 103; nd0 = 0:3  1023cm 3; and
B0 = 10
13G: The inuence of quantum Bohm potential is found to act against
the KAW instability, while classical e¤ects reinforce the unstable regions as de-
picted in Fig. 1. The cross eld non-degenerate electron beam streaming with
velocity V0 helps to grow the unstable regions and a further increase inhibits
the stabilization which maintains the wave amplitude as illustrated in Fig. 2.
It has also been observed that quantum parameter CQ is inclined to suppress
the instability. In Fig. 3, we have shown that the growth rates increase with
the increase in number density, followed by increase in cross-led ion streaming
velocity. Physically, when the dust concentration is increased, it also enhances
the depletion of electrons due to attachment to the dust grain surface, which
inturns increases the streaming velocity which is ultimately responsible for the
excitation of an electromagnetic wave. The role of dust charge is also found to
enhance the wave activity which can be seen in Fig. 4. Our results indicate
that KAWs in inertial regime are less a¤ected by the Bohm potential e¤ects
and hence CQ appears to suppress the Alfvén wave frequency in a hot and
magnetized non-degenerate quantum plasma which is evident from Fig. 5.
To summarize, we have investigated the e¤ects of quantum contribution on
the growth and dispersion of low frequency kinetic Alfvén wave in inertial regime
by using Vlasov-Maxwell equations and have neglected the quantum e¤ects of
ions as they are heavier than electrons. It is found that quantum e¤ects suppress
the instability in a hot and magnetized plasma. The density uctuations are not
accompanied by pure electromagnetic non-streaming dense plasma, therefore,
quantum correction make sense to electromagnetic waves when density uctua-
tions are involved especially in the inertial turbulent range. We therefore, have
recasted the perturbed non-degenerate electron density which has a strong de-
pendence on quantum correction parameter CQ: Our analysis is based on linear
approximation and we believe that we have contributed to the analysis of KAWI
in a non-degenerate quantum plasma and there is a large set of nonlinear in-
vestigations which should be addressed. The present analysis could be applied
to dense astrophysical streaming and ICF plasmas where quantum di¤raction
e¤ects are non- negligible and signicant.
 Figure 1. Contour plots between ~k? and CQ for V0 = 10; Zd = 103;
nd = 10
 8ni
 Figure 2. Contour plots between ~k? and ~V0 for CQ = 10; Zd = 103;
nd = 10
 8ni
 Figure 3. Plots between ~k and ~nd for V0 = 10; CQ = 10 and Zd = 103:
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 Figure 4. E¤ect of Zd on the dispersion characteristics.
 Figure 5. E¤ects of CQ on the real part of the dispersion relation.
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